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(54) Antimicrobial free radical release system 

(57) The present invention relates to medical devic- 
es that are inserted or implanted into patients and that 
have antimicrobial coatings that release free radicals in- 
to the vicinity of the device. These devices may have 
coatings that alter their rate of flow release or elution 
release of an antibacterial agent from a coating on the 
device upon external stimulation. The coating should 
therefore be responsive to external control such as by 
heating, external RF stimulus, sonic control, and the 



like. By having control of the release rate, and in some 
structures without invasion ofthe patient by mechanical 
means in addition to the device itself the release rate 
can be in response to need at the implant site. The class- 
es of compounds to be released are free radical gener- 
ating or initiating compounds, or compounds that re- 
lease free radicals upon immersion or stimulation, the 
free radicals acting as the antibacterial agent. 
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Description 
BACKGROUND 

[0001] The present invention relates to the delivery of 
antimicrobial functions or agents from the surface of 
coatings, particularly the release of antimicrobial func- 
tions or agents from the surface of medical devices, es- 
pecially medical devices that have been inserted or im- 
planted into patients. The invention particularly relates 
to the controlled or controllable delivery of such func- 
tions or agents. 

[0002] It has become common to treat a variety of 
medical conditions by introducing or implanting a tem- 
porary or permanent medical device partly or completely 
into a patient. These devices may be inserted or implant- 
ed (the term "implanted" shall be used herein to reflect 
both short term insertion and long term implantation) in- 
to many different organs and glands such as the heart, 
brain, esophagus, stomach, trachea, colon, biliary tract, 
urinary tract, vascular system or other location within a 
human or veterinary patient. These implants may be in 
the form of a device such as a pump, delivery system, 
sensing system, stent, catheter, balloon, wire guide, 
cannula, electrical pulsing or pacing system or the like. 
However, when such a device is introduced into and ma- 
nipulated through the vascular system or implanted at 
a selected site, the tissue or vascular walls can be dis- 
turbed or injured. Clot formation or thrombosis, bacterial 
collection and infection and other adverse events can 
occur at the injured site or implantation site, causing 
acute or chronic injury or infection at the sire. Moreover, 
if the medical device is left within the patient for an ex- 
tended period of time, thrombus and infections may of- 
ten form on the device itself; again causing serious po- 
tential for damage and illness. As a result, the patient is 
placed at risk of a variety of complications, including 
heart attack, pulmonary embolism, stroke, site infection, 
implant rejection, and the like. Thus, the use of such a 
medical device can entail the risk of causing problems 
as serious or worse than the problems that the device's 
use was intended to ameliorate. 
[0003] Another way in which blood vessels undergo 
stenosis is through disease. Probably the most common 
disease causing stenosis of blood vessels is atheroscle- 
rosis. Atherosclerosis is a condition which commonly af- 
fects the coronary arteries, the aorta, the iliofemoral ar- 
teries and the carotid arteries. Atherosclerotic plaques 
of lipids, fibroblasts, and fibrin proliferate and cause ob- 
struction of an artery or arteries. As the obstruction in- 
creases, a critical level of stenosis is reached, to the 
point where the flow of blood past the obstruction is in- 
sufficient to meet the metabolic needs of the tissue distal 
to (downstream of) the obstruction. The result is 
ischemia. 

[0004] Many medical devices and therapeutic meth- 
ods are known for the treatment of atherosclerotic dis- 
ease. One particularly useful therapy for certain athero- 



sclerotic lesions is percutaneous transluminal angi- 
oplasty (PTA). During PTA, a balloon-tipped catheter is 
inserted in a patient's artery, the balloon being deflated. 
The tip of the catheter is advanced to the site ofthe 

5 atherosclerotic plaque to be dilated. The balloon is 
placed within or across the stenotic segment of the ar- 
tery, and then inflated. Inflation of the balloon "cracks" 
the atherosclerotic plaque and expands the vessel, 
thereby relieving the stenosis, at least in part. 

w [0005] While PTA presently enjoys wide use, it suffers 
from two major problems. First, the blood vessel may 
suffer acute occlusion immediately after or within the in- 
itial hours after the dilation procedure. Such occlusion 
is referred to as "abrupt closure." Abrupt closure occurs 

15 in perhaps five percent or so of the cases in which PTA 
is employed, and can result in myocardial infarction and 
death if blood flow is not restored promptly. The primary 
mechanisms of abrupt closures are believed to be elas- 
tic recoil, arterial dissection and/or thrombosis. It has 

20 been postulated that the delivery of an appropriate 
agent (such as an antithrombic) directly into the arterial 
wall at the time of angioplasty could reduce the inci- 
dence of thrombotic acute closure, but the results of at- 
tempts to do so have been mixed. 

25 [0006] A second major problem encountered in PTA 
is the re-narrowing of an artery after an initially success- 
ful angioplasty. This re-narrowing is referred to as "res- 
tenosis" and typically occurs within the first six months 
after angioplasty. Restenosis is believed to arise 

30 through the proliferation and migration of cellular com- 
ponents from the arterial wall, as well as through geo- 
metric changes in the arterial wall referred to as "remod- 
eling." It has similarly been postulated that the delivery 
of appropriate agents directly into the arterial wall could 

35 interrupt the cellular and/or remodeling events leading 
to restenosis. However, like the attempts to prevent 
thrombotic acute closure, the results of attempts to pre- 
vent restenosis in this manner have been mixed. 
[0007] Non-atherosclerotic vascular stenosis may al- 

40 so be treated by PTA. For example, Takayasu arteritis 
or neurofibromatosis may cause stenosis by fibrotic 
thickening of the arterial wall. Restenosis of these le- 
sions occurs at a high rate following angioplasty, how- 
ever, due to the fibrotic nature of the diseases. Medical 

45 therapies to treat or obviate them have been similarly 
disappointing. 

[0008] A device such as an intravascular stent can be 
a useful adjunct to PTA, particularly in the case of either 
acute or threatened closure after angioplasty. The stent 

50 is placed in the dilated segment ofthe artery to mechan- 
ically prevent abrupt closure and restenosis. Unfortu- 
nately, even when the implantation of the stent is ac- 
companied by aggressive and precise antiplatelet and 
anticoagulation therapy (typically by systemic adminis- 

55 tration), the incidence of thrombotic vessel closure or 
other thrombotic complication remains significant, and 
the prevention of restenosis is not as successful as de- 
sired. Furthermore, an undesirable side effect of the 



2 



3 



EP 1 369 137 A1 



4 



systemic antiplatelet and anticoagulation therapy is an 
increased incidence of bleeding complications, most of- 
ten at the percutaneous entry site. 
[0009] Other conditions and diseases are treatable 
with stents, catheters, cannulae, pacemakers, defibril- 5 
lators, pumps, eluent drug delivery systems and other 
devices inserted into organs such as the heart, the brain, 
the esophagus, the trachea, the colon, biliary tract, uri- 
nary tract and other locations in the body, or with ortho- 
pedic devices, implants, or replacements. It would be 10 
desirable to develop devices and methods for reliably 
delivering suitable agents, drugs or bioactive materials 
directly into a body portion during or following a medical 
procedure, so as to treat or prevent such conditions and 
diseases, for example, to prevent site infection, either 15 
from short term insertion or long term implantation of the 
device. As a particular example, it would be desirable to 
have devices and methods which can deliver an anti- 
bacterial agent or other medication to the region of im- 
plantation, where the release of the antibacterial agent 20 
can be externally controlled, rather than relying on pre- 
determination of a release rate. Additionally, the release 
rate should not be dependent upon external reading of 
the device or regular sampling of the blood stream to 
determine when release rates of a medical pump should 25 
be modified to adjust to altering patient conditions. The 
antibacterial delivery system should also be minimally 
additive in size or volume to the device being implanted. 
It would also be desirable that such devices would con- 
trollably deliver their agents over both the short term 30 
(that is, the initial hours and days after treatment) and 
the long term (the weeks and months after treatment). 
It would also be desirable to provide relatively precise 
control over the delivery rate for the agents, drugs or 
bioactive materials, and to limit invasive control in ef- 35 
fecting that delivery. This would be particularly advan- 
tageous in therapies involving the delivery of a chemo- 
therapeutic agent to a particular organ or site without 
requiring reinsertion or additional insertion to the patient 
through an intravenous catheter (which itself has the ad- <o 
vantage of reducing the amount of agent needed for 
successful treatment). This would reduce the trauma to 
the patient and reduce additional invasion of the patient. 
A wide variety of therapies can be similarly improved by 
the practice of this methodology. Of course, it would also 45 
be desirable to avoid degradation of the agent, drug or 
bioactive material during its incorporation on or into any 
such device. 

[001 0] Problems experienced with the use of pumps, 
structural implants, pacemakers, defibrillators, and 50 
catheters, particularly catheters designed for urinary 
tract infections or indwelling vascular catheters such as 
those used in patients receiving long term chemothera- 
py for malignancies or antimicrobials for persistent in- 
fections present a significant risk in patients with an in- 55 
dwelling catheter. Although many such infections are 
asymptomatic, they are sometimes serious and can re- 
sult in prolonging the length of stay and increasing the 



cost of hospital care. Bacteria are believed to gain ac- 
cess to the catheterized bladder either by migration from 
the collection bag and/or catheter or by ascending the 
periurethral space outside the catheter. It has been 
found that by coating catheters with silver or silver oxide 
reduced the incidence of catheter associated bacteriu- 
ria. Silver is known to possess antibacterial properties 
and is used topically either as a metal or as silver salts. 
It is not absorbed to any great extent and the main prob- 
lem associated with the metal is argyria, a general gray 
discoloration. Although silver is an effective topical an- 
tibacterial agent, it tends to act only on bacteria in direct 
contact with the surface and is subject to chemical re- 
actions such as oxidation, which reduce its long term 
effectiveness. 

[0011] Additionally, where release ofthe antibacterial 
agent from a coating is solely by mass transfer release 
by elution or migration out of a coating, drug is unnec- 
essarily released during movement to the implantation 
site. At a minimum, this drug is wasted during implanta- 
tion, or in the case of highly active agents, it is released 
to a region where that drug is not needed. 
[0012] U.S. Patent 5,418,130 describes a method for 
inactivating viral and/or bacterial contamination in blood 
cellular matter, such as erythrocytes and platelets, or 
protein fractions. The cells or protein fractions are mixed 
with chemical sensitizers and irradiated with, for exam- 
ple, UV, visible, gamma or X-ray radiation. In particular, 
quaternary ammonium or phosphonium substituted, ha- 
lo-psoralen compounds are described as being useful. 
This system is for use on solutions or dispersions of cells 
or the like and is not described for application on medical 
devices. 

[0013] A typical drug delivery system with a biode- 
gradable release layer is shown by U.S. Patent No. 
6,342,250. U.S. Patent No. 6,251 , 1 36 describes a meth- 
od of forming a release catheter comprising a method 
for coating a stent, comprising the steps of: providing a 
stent; applying a base layer of sticky material to selected 
surfaces of said stent; applying pharmacological agent 
in micro nized, dry form to selected surfaces coated by 
said base layer; and applying a membrane forming pol- 
ymer coating through which said pharmacological agent 
is able to diffuse to all surfaces of said stent. 
[0014] U.S. Patent No. 4,723,950 by Lee relates to a 
microbicidal tube which may be incorporated into the 
outlet tube of a urine drainage bag. The microbicidal 
tube is manufactured from polymeric materials capable 
of absorbing and releasing anti-microbial substances in 
a controllable sustained time release mechanism, acti- 
vated upon contact with droplets of urine, thereby pre- 
venting the retrograde migration of infectious organisms 
into the drainage bag. The microbicidal tube may be pro- 
duced by one of three processes: (1) a porous material, 
such as polypropylene, is impregnated with at least one 
microbicidal agent, and then coated with a hydrophilic 
polymer which swells upon contact with urine, causing 
the leaching out of the microbicidal agent; (2) a porous 
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material, such as high density polyethylene, is impreg- 
nated with a hydrophilic polymer and at least one micro- 
bicidal agent; and (3) a polymer, such as silicone, is 
compounded and co-extruded with at least one micro- 
bicidal agent, and then coated with a hydrophilic poly- 5 
mer. A broad range of microbicidal agents are disclosed, 
including chlorhexidine and triclosan, and combinations 
thereof. The purpose of Lee's device is to allow the 
leaching out of microbicidal agents into urine contained 
in the drainage bag; similar leaching of microbicidal 
agents into the bloodstream of a patient may be unde- 
sirable. 

[0015] U.S. Patent 6,168,601 shows a system utiliz- 
ing the eutectic forming ability of related drugs to control 
release. Biologically active materials are provided in a 
cylindrical carrier medium with better control over the 
rate of delivery and length of time of delivery by provid- 
ing a carrier having dissolved or dispersed therein at 
least two compounds having a common biologically ac- 
tive nucleus, but with different solubility parameters. The 
combination ofthe two different variants of the same 
drug with different solubility parameters provides the 
material with control over the rate of release of the com- 
pounds (by varying the proportions of the variants) and 
most importantly, extending the useful life of the device 
by enabling release of effective levels ofthe compounds 
over a longer period of time. The cylindrical carrier me- 
dium, comprised of silicone, further includes a tail, a 
skirt, or a rate-limiting membrane. 
[0016] U.S. Patent No. 5,323,778 describes an MRI 
probe that provides for both MRI observable character- 
istics and a heating element to provide localized heat as 
a therapeutic treatment. 

[0017] U.S. Patent No. 5,800,392 describes a micro- 
porous catheter that provides for the delivery of materi- 
als at a distal site in a patient. A pressure regulator is in 
fluid communication with a material transporting lumen. 
A current may be applied through coils to enhance de- 
livery through the pores by iontophoresis. Typical mate- 
rials to be delivered are described on column 11, lines 
53-62 as not limited to antitumor agents, such as the 
vinca alkaloids, anthracyciine antibiotics, platinum ana- 
logs, antimetabolites (e.g., methotroxates); antibiotics; 
sensitizers or other compounds such as those exempli- 
fied. 

[0018] U.S. Patent No. 5,091 ,442 by Milner relates to 
tubular articles, such as condoms and catheters, which 
are rendered antimicrobially effective by the incorpora- 
tion of a non-ionic sparingly soluble antimicrobial agent, 
such as triclosan. The tubular articles are made of ma- 
terials which include natural rubber, polyvinyl chloride 
and polyurethane. Antimicrobial agent may be distribut- 
ed throughout the article, or in a coating thereon. A con- 
dom prepared from natural rubber latex containing 1% 
by weight of triclosan, then dipped in an aqueous solu- 
tion of chlorhexidine, is disclosed. U.S. Patent Nos. 
5,180,605 and 5,261,421, both by Milner, relate to sim- 
ilar technology applied to gloves. 



[0019] U.S. Patent No. 6,224,579 discloses a method 
of producing a non-infecting medical article by imbuing 
the device in a solution containing synergistic amounts 
of two antibiotics. That article comprises a medical arti- 
cle prepared by exposing a polymer-containing medical 
article, for an effective period of time, to a treatment so- 
lution comprising between about 0.3 and 1.5 percent of 
a silver salt and between about 0.1 and 20 percent tri- 
closan, where the treatment solution and the medical 
article do not contain chlorhexidine or a chlorhexidine 
salt. 

[0020] Improved coatings and control of drug delivery 
is desired for medical devices. 



[0021] The present invention relates to medical devic- 
es that are inserted or implanted into patients or into 
aqueous environments where bacterial control is de- 
sired (e.g., sterilization solutions, food materials, bever- 
ages, wash solutions, industrial solutions, cleaning so- 
lutions, and the like) and that have antimicrobial coat- 
ings that controllably release free radicals into the vicin- 
ity ofthe device. These devices may have coatings that 
alter their rate of flow release or elution release of an 
antibacterial agent from a coating on the device upon 
external stimulation or external activation. The coating 
should therefore be responsive to external control such 
as by heating (e.g., by electrical resistance where an 
external wire is present on the device or responsive to 
external RF [radio frequency] stimulus, sonic control [e. 
g., to disrupt a coating or to activate a battery driven 
circuit in the system], local radiation stimulation or acti- 
vation and the like. By having control ofthe release rate, 
and in some structures without invasion of the patient 
by mechanical means in addition to the device itself; the 
release rate can be in response to need at the implant 
site. The class of compounds to be released are free 
radical compounds, compounds that release free radi- 
cals upon immersion or stimulation, the free radicals act- 
ing as the antibacterial agent. Semiconductor materials 
capable of emitting radiation (e.g., UV radiation that can 
be generated internally from the semiconductor to acti- 
vate free radicals) may be used to control release of free 
radicals. 

[0022] A medical device for insertion into a patient 
may contain within its outermost layer or a surface with 
a coating thereon, an antibacterial amount of at least 
one compound that provides bacteria suppressing free 
radicals into an aqueous environment in contact with the 
device upon external stimulation. The coating releases 
an amount of free radicals upon heating that increases 
the activity of the free radical compound. This may be 
either an activity effect (e.g., increasing the antibacterial 
activity of the free radical material retained in the outer- 
most layer as it contacts bacteria or may be a rate re- 
lease effect, if free radicals are actually released from 
the surface rather than generated and retained in the 
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surface) or a rate of release effect from the coating to 
an aqueous environment by at least 20% when heated 
from 37°C to 50°C. The device may have the coating 
release an amount of free radicals upon sonication (e. 
g., sound that triggers activity, such as ultrasound) that 
increases a rate of release from the coating to an aque- 
ous environment by at least 20% from its release rate 
without son ification. The device, for example, may have 
the coating comprise at least 0.00011% by weight of 
compounds that release free radicals when in contact 
with an aqueous environment. 
[0023] Figure 1 shows a cutaway view of a catheter 
providing free radicals according to an aspect of the in- 
vention 

[0024] Over the past few years, free radicals have 
been implicated in all sorts of diseases. Every health 
supplement and face cream seems to include some pro- 
tection against them- but what are they and, more im- 
portantly, what do they do? We first need to go back to 
high school chemistry to understand what a free radical 
is. The chemical bonds that hold atoms together to make 
molecules contain pairs of electrons. For example, there 
are two electrons in each of the bonds holding the hy- 
drogens of water to the oxygen. The two electrons act 
to stabilize the bond between the atoms. However, 
some molecules, especially those containing oxygen, 
can easily gain an extra one ofthese bonding electrons. 
As this electron is not paired with any other electrons, it 
makes the molecule very reactive. In a sense we have 
a molecule with a free chemical bond. This is essentially 
what a free radical is - a molecule containing unpaired 
electrons. This molecule will steal electrons from other 
molecules in order to pair its lone electron. In stealing 
this electron the structure of the electron-donating mol- 
ecule may be changed or even turned into a free radical 
itself. Free radicals are generated by all sorts of different 
processes in the body. Around 5% of the oxygen that 
our cells use to burn sugars to release energy is lost as 
oxygen free radicals. UV light, cigarette smoke, and var- 
ious other agents generate free radicals. White blood 
cells deliberately produce free radicals to kill invading 
bacteria. Free radicals can destroy enzymes, make pro- 
teins brittle, make cells leaky, cause cholesterol to be- 
come stuck in arteries and mutate DNA. Much ofthe 
process of ageing appears to be due to a very slow but 
steady wearing out of the body by free radical damage. 
[0025] The body deals with free radicals either using 
antioxidant enzymes, which degrade the radicals back 
to harmless water and oxygen, or chemicals called anti- 
oxidants, which react with and neutralize the radicals. 
Vitamin C and vitamin E are the two most important anti- 
oxidants within the body. Vitamin E neutralizes radicals 
in the fats and oils of our body while vitamin C protects 
the water-soluble biomolecules. 
[0026] Free radicals are free from controversy in the 
medical field. Although free radicals in solution are rec- 
ognized as fighting or killing bacteria or viruses, much 
literature addresses the presence of free radicals in the 



body as unhealthy, contributing to cell deterioration, es- 
pecially skin and tissue aging. A great deal of commer- 
cial literature focuses on the increase of antioxidants in 
diets to reduce the amount of free radicals in human 

5 blood streams to reduce aging effects. There is still in- 
controvertible evidence that free radicals in solution 
have a direct and immediate effect on disabling or killing 
bacteria and viruses. However, except for ozonation, 
there appears to be little effort that has been made in 

10 the direction of finding any useful method for applying 
free radicals to human therapy, except for the natural 
free radical generations effected by the body as part of 
its immune response. 

[0027] Free radicals are atoms or groups of atoms 

15 with an unpaired valence electron. Free radicals can be 
produced by photolysis or pyrolysis in which a bond is 
broken without forming ions (e.g., hemolytic fission). 
The presence ofthe unpaired electrons causes free rad- 
icals to be highly active. Free radical generating com- 

20 pounds, especially those that are responsive to light 
and/or heat to generate the free radicals are especially 
well known in the photocatalytic art. Among the many 
types of free radical generating initiators known in the 
polymer art are triazines, s-triazines, quaternary ammo- 

25 nium compounds and salts; halogen releasing com- 
pounds; diazonimum salts, iodonium salts (especially 
diary iodonium salts), phosphonium salts (especially tri- 
aryl phosphonium salts), sulfonium salts (especially tri- 
aryl sulfonium salts), biimidazoles, benzophenones, 

30 and the like. Some of these materials are quite stable in 
aqueous environments, generating the free radicals on- 
ly upon thermal or photoinitiation. Other classes of free 
radical generating compounds more typically known in 
the medical environment as a treatment for in vitro liquid 

35 supplies are fibrates (e.g., fenofibrate); NSAIDS such 
as benoxaprofen, carprofen, ketoprofen, naproxen, su- 
profen, Tiaprofenic acid; Germicides such as Bithionol, 
buclosamide, fenticlor, hexachlorophene, tetrachloro- 
salicylanilide, and triclosane; tetracyclines such as de- 

*o meclocycline, doxycycline and tetracycline; quinolones 
such as cyprofloxacin, fleroxacin, lomefloxacin, nalidixic 
acid, and ofloxacin; psoralens such as bergamot oil, 
Shydroxypsoralen, isopsoralen, 5-methoxypsoralen, 
8-methoxy psoralen, and trimethylpsoralen; diphenhy- 

45 dramine, thiazides, sulfonylureas; azines such as chlo- 
rpromazine, and promethiazine. The use of brominated 
or halogenated psoralens is particularly useful in activa- 
tion in the practice of the invention, either as pure coat- 
ings or dissolved or dispersed in polymeric coatings. 

50 Other types of intercalators may be utilized besides the 
psoralens and substituted psoralens such as those list- 
ed below. These intercalators may be used to target vi- 
ruses or other blood contaminants, or cancer cells. 
Thus, halogenated or metal atom-substituted deriva- 

55 tives ofthe following compounds may be utilized as sen- 
sitizers: dihematoporphyrin esters, hematoporphyrin 
derivatives, benzoporphyrin derivatives, hydrodibenzo- 
porphyrin dimaleimade, hydrodibenzoporhyrin, dicyano 
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disulfone, tetracarbethoxy hydrodibenzoporhyrin, tet- 
racarbethoxy hydrodibenzoporhyrin dipropionamide; 
and the like. The above compounds in their non-halo- 
genated or non-metal atom substituted forms are dis- 
closed in U.S. Pat. Nos. 4,649,151, 4,866,168, 
4,883,790, 5,053,423 and 5,059,619, incorporated by 
reference herein. When modified with halogen atoms or 
metal atoms, the above-identified classes of com- 
pounds may be sensitized with electromagnetic radia- 
tion, including visible light. Semiconductors such as ti- 
tanium dioxide and zinc oxide also produce free radicals 
upon UV and visible light exposure 
[0028] Polymeric compositions are often used as 
coatings on medical devices, such as catheters or 
stents, as shown in U.S. Patent 5,964,705, either as the 
structural material for the device or as an insulating or 
protective coating. Such medical devices, where the 
polymer is formed by a free radical polymerization proc- 
ess, may have residual free radical polymerization cat- 
alyst present in the polymer coating. The concentration 
of such free radical catalysts in polymers is typically on 
the order of 1-3% by weight. Literature citing extreme 
ranges of free radical catalysts may indicate levels as 
high as 10% by weight, but these are truly unrealistic 
amounts added to provide broad ranges of protection 
for purposes of legal disclosure. Even at those levels, 
and particularly where the inclusion in the polymer does 
not provide them in an active state or enable them to be 
come active, such low levels of free radical polymeriza- 
tion catalysts would not be a sufficiently high concentra- 
tion of materials to maximize antibacterial activity ac- 
cording to the practice of the invention, and such activity 
has never been reported in the literature. 
[0029] In the practice of the present invention, coat- 
ings with free radical generating or free radical providing 
compositions should be present in the coatings on med- 
ical devices of the present invention as at least 0.0001 % 
by weight of the coating because of the high activity of 
free radical materials. The coatings or compound con- 
tained within the coating on the device might make up 
only a fraction of the weight - possible as little as . 
0001%, at least 0.0005%, 0.001%, 0.005%, 0.01%, 
0.05%, 0.1%, 0.5%, 1.0%, 2%, 5% by weight, at least 
10% by weight, at least 12% by weight, at least 15% by 
weight, at least 20% by weight, at lest 25% by weight at 
least 30% by weight, up to solid coatings of 100% by 
weight of the free radical generator. Solid coatings are 
preferred but water immiscible oil-based coating may al- 
so be provided, although these can be rubbed off during 
insertion. 

[0030] Coatings may be applied to the surfaces of the 
medical devices by any convenient method, including 
but not limited to dip coating, spray coating, iontopher- 
esis, deposition coating, manual application, and the 
like. As the activity of the free radicals tends to be a sur- 
face phenomenon, or at least material is released from 
the surface, the coatings do not have to be thick to pro- 
vide effective results. Coating of less than 0.5 microns 



can provide some significant activity, and layers thicker 
than 100 microns do not provide significantly additional 
effectiveness, although the thicker layers would provide 
a greater life and endurance. Therefore, the nominal 
5 thickness of 0.5 to 100 microns is merely a general 
range, and not exclusive of other thicknesses. Generally 
preferred ranges would be from 0.5 to 50 microns, 1.0 
to 50 microns, 1 to 30 microns, 2 to 30 microns, or 2 to 
25 microns. 

10 [0031] The use of normal migration of free radical pro- 
viding materials out of the coating is one method of pro- 
viding local free radical antimicrobic activity. Providing 
thermally responsive or photoresponsive free radical 
generators requires some more substantive structure. 

15 For example, Figure 1 shows a side view of a catheter 
2. The catheter 2 has a drug delivery port 4 with a drug 
delivery tube 6, and narrowing tip 8. The catheter 2 is 
shown as layered, with layers 35,37 and 39 to contain 
the structural elements of the catheter 2. As an example 

20 of a structure with embodiments of the invention, this 
Figure 1 will be described. 

[0032] Layer 35 is a structural support layer in the 
catheter 2 supporting layer 37 that contains coils 12,16, 
18 and 32. Those coils 12,16,18 and 32 are powered 

25 through wires 36 and 38. These types of coils are tradi- 
tionally used as RF responsive microcoils for generating 
a field of view under MRI (magnetic resonance imaging), 
but here with appropriate thickness, they can also be 
used as resistive wires. When sufficient current is 

30 passed through the coils 12,16,18 and 32, those coils 
would generate heat that could trigger free radical re- 
lease in layers 39 and/or 40, either or both of which may 
comprise the free radical generating composition. 
Tubes 24, 24a, 26, 26a, 28, 28a, 30 and 30a represent 

35 microcatheters, light pipes, material delivery tubes and 
the like as designed into the structure. The figure shows 
microcatheters 24 and 30 as material delivery ports. 
These material delivery ports 24 and 30 may deliver 
drugs locally during primary catheter treatment proce- 

40 dures and then be used to deliver ingredients that would 
actively cause release of free radicals in layer 40. Mi- 
crocatheters 26 and 28 could be light pipes to deliver 
radiation towards layers 39 and/or 40 to cause photoin- 
itiated release of free radicals from those layers 39 and/ 

45 or 40. The release could be from the surface of layer 40 
or from an interior wall of layer 39 so that free radicals 
are released into delivery tube 4 to diffuse out of that 
tube or to be forced out of the delivery tube 4. Compo- 
nent 22 may be a preamplifier, battery, RF receiving sys- 

50 tern, sonar- receiving system, or the like to control liquid 
flow through delivery tubes 26 and/or 28, or to control 
electrical flow into wire 20 and into the coils 16,18, 10 
and 32. Individual coils 13, 15, and 17 are shown, as is 
the spacing B and 19 between sets of coils. The coils 

55 are shown as two (32) or three (34) windings. 

[0033] Coatings of materials can be provided in many 
variants and forms that can be externally activated. By 
the term "externally activated" it is meant that direction 
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must be given from an outside source to initiate in- 
creased rates of release ofthe free radicals, and that 
even if there is some level of free radical release from 
the implanted or inserted structure, that rate may be in- 
creased upon an initiating signal from outside the patient 
or even with a sensor signaling function in the patient 
and communicatively attached to the device. The free 
radical materials are provided as a coating on at least a 
portion ofthe implanted device. The coating may have 
an initial release capacity for the free radicals of the 
coating composition and/or may have an additional and 
alternative antibacterial or anticlotting or other medically 
active compound that is released spontaneously during 
dwell ofthe implanted or inserted device. The free rad- 
ical material must be deliverable by a signal function, as 
explained above. The coating may therefore be associ- 
ated with a heating element, such as a resist heating 
element, a light emitting heating element (e.g., infrared 
emitter, or other radiation emitter with an absorber/ther- 
mal converter thermally connected to the free radical re- 
leasing layer), mass conductive heating element, or the 
like. The free radical providing layer may also be solvent 
activatable, where the introduction of a particular class 
of solvents or solutions to the region will leech and/or 
activate free radical materials from the coating. Alterna- 
tively, radiation projection onto the coating may cause 
release of free radicals as is the case with Ti02, free 
radical photonitiators, and coatings whose solubility 
change to release more dissolved or dispersed material 
when photoinitiated. Such release functions are well 
known in the photoimaging, printing and lithographic 
arts. 

Examples 

[0034] A stent comprising an array of Titanol® bars 
and cross-bars providing flexibility and elastic memory 
that can undergo compression and expansion is dip 
coated into a solution comprising a bio inert polysiloxane 
polymeric binder and triaryl sulfonium tetrafluoro borate 
in a weight ratio of 1 0:90 in an organic solvent. The coat- 
ing would be applied in an amount that upon drying 
would provide a 10 micron thick coating. A nickel/cad- 
mium battery is electrically connected to the bars, with 
an intermediate RF receiver with switching capacity. 
The RF receiver is programmed to response to a pre- 
programmed signal so that upon receipt ofthe signal, a 
circuit is closed for a specified period of time (e.g., 1 
minute) during which the battery heats the stent and the 
coating, the heat stimulating release of free radicals 
from the coating. 

[0035] An alternative design places an ultraviolet ra- 
diation-emitting semiconductor underneath the coating 
and over the stent bars and cross-bars. The battery is 
electrically connected to the semiconductor so that upon 
being powered up, the semiconductor emits UV radia- 
tion, photoinitiating release ofthe free radicals. 
[0036] A catheter is coated with no 2 and a UV emit- 



ting fiber optic is placed into the catheter at the skin's 
surface and fed down the catheter. The light source is 
turned on causing a photoinduced release of free radi- 
cals from the Ti0 2 . Alternatively, the catheter itself (with 
5 transparency through the structural material of the cath- 
eter (as in a radiation transparent window) can be used 
to transmit the light from an external source to the region 
ofthe free radical releasing composition.. 



1 . A medical device for insertion into a patient, the de- 
vice having an outermost layer or a surface with a 

f 5 coating on the device, said coating or outermost lay- 
er or coating characterized by containing an anti- 
bacterial amount of at least one compound that pro- 
vides bacteria suppressing free radicals into an 
aqueous environment in contact with the device up- 

20 on external stimulation. 

2. The device of claim 1 wherein the coating releases 
an amount of free radicals upon heating that in- 
creases in a rate of release from the coating to an 

25 aqueous environment by at least 20% when heated 
from 37°C to 50°C 

3. The device of claim 1 wherein the coating releases 
an amount of free radicals upon sonication that in- 

30 creases in a rate of release from the coating to an 
aqueous environment by at least 20% 

4. The device of claim 1 wherein the coating compris- 
es at least 0.00011% by weight of compounds that 

35 release free radicals when in contact with an aque- 
ous environment. 

5. The device of claim 1 wherein the coating compris- 
es at least 0.005% by weight of compounds that re- 

40 lease an antimicrobially active amount of free radi- 
cals when in contact with an aqueous environment. 

6. The device of claim 2 wherein the coating compris- 
es at least 0.1% by weight of compounds that re- 

45 lease an antimicrobially active amount of free radi- 
cals when in contact with an aqueous environment. 

7. The device of claim 1 wherein the compound gen- 
erates free radicals upon stimulation by electro- 

50 magnetic radiation. 

8. The device of claim 1 wherein the coating compris- 
es at least 1 .0% by weight of the compounds. 

55 9. The device of claims 1 or 8 wherein the free radical 
releasing compound comprises a quaternary salt. 

10. The device of claims 1 or 8 wherein the free radical 
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releasing compound comprises a compound that 
releases halogen free radicals. 

1 1 . The device of claim 1 0 wherein the coating compris- 
es at least 0.005% by weight of compounds that re- 5 
lease an antimicrobial ly active amount of free radi- 
cals when stimulated by heat or electromagnetic ra- 
diation. 

12. The device of claim 4 having an electromagnetic re- w 
ceiver that initiates heat generation in said device 

to elevate the temperature of the coating. 

13. The device of claim 12 wherein a battery is electri- 
cally attached to said device to power heat gener- 15 
ation. 

14. The device of claim 4 wherein a transmitting wire is 
electrically attached to said device to power heat 
generation from an outside power source. 20 

15. The device of claim 1 wherein the compound that 
provides free radicals is selected from the group 
consisting oftriazines, quaternary ammonium com- 
pounds and salts, halogen releasing compounds, 25 
onium salts, biimidazoles, benzophenones, fi- 
brates; benoxaprofen, carprofen, ketoprofen, 
naproxen, suprofen, Tiaprofenic acid, bithionol, bu- 
closamide, fenticlor, hexachlorophene, tetrachloro- 
salicylanilide, triclosane, tetracyclines, quinolones, 30 
lomefloxacin, nalidixic acid, ofloxacin, psoralens, 
diphenhydramine, thiazides, sulfonylureas, and 
azines. 

16. A method of reducing local bacterial in an aqueous 35 
environment comprising providing a device having 

or containing within its outermost layer an antibac- 
terial amount of at least one compound that pro- 
vides bacteria suppressing free radicals into the 
aqueous environment and externally stimulating <o 
the at least one compound to provide free radicals 
and reduce the concentration of bacteria in the 
aqueous environment. 

17. The method of claim 16 wherein the compound 45 
comprises Ti0 2 . 

18. The method of claim 1 6 where the stimulation is pro- 
vided by ultraviolet radiation or visible light. 

50 

19. The method of claim 16 where the antimicrobial 
agent is a photoactive compound 
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